This note is a report on some calculations carried out during 1956 and 1957 on the SWAC, a high-speed computer located on the Los Angeles campus of the University of California, and supported in part by the Office of Naval Research. A preliminary report appeared in [ll], and a few copies of a large table [12] were printed. The routines used on the SWAC were prepared by the author. My thanks are due to John L. Selfridge for assistance in operating the computer, and for valuable suggestions.
1. Primes of the form &-2"+l. Since every number N>1 can be put in the form N = k-2n + l, with k odd, k>0, and n^O, the only meaning which can be attached to describing a number as being of this form is a rather vague one, namely that the value of k involved is relatively small. In the course of our computation, all of these numbers with &<100 and w<512 were tested for primeness, as well as some numbers lying outside of this range.
A preliminary sieve routine was used to look for small factors of N. Actually, the smallest factor was found if less than 106 when k^7, and if less than 104 otherwise. If no small factor was found, the number N was tested for primeness using a theorem stated by Proth in 1878: Let N = k-2n + l, where 0<£<2".
Suppose that (a/N) = -l.
Then Nis prime if and only if a(-N~1)l2 = -1 (mod N). For a discussion of this and related results, see [14] , where this test appears as Theorem 9. The first step in applying the test was to find a suitable value of a; if k is not a multiple of 3, we may take a = 3, and in any case finding a does not present any difficulty. The time for the test did not exceed a minute and a half as long as «<512. For k=3, 5, 7, some larger values of n were also used; the time for the test was about seven minutes for n near 1000. The only cases to which the test does not apply are those where n is very small, and here no test is needed. Also, when k = l the test was omitted, since the character of 2" + l was already known for «<8192; see [lO] .
A list of the primes found for k < 100 appears in Table 1 . The list is complete in all cases forn<512, and for the first few cases in a larger range, namely: k n k = 1, n < 8192; k = 3, n < 1280; k = 5, n < 2005; k = 7, n < 1280.
The calculations were checked by a second run, so that we can say with some assurance that Table 1 is accurate and complete to the stated bounds. Notice that there are no primes of the form 47-2n + l with n< 512.
The checking of this table was finished in the spring of 1957, except that at this time the case k = 5 was complete only for w<1585. In the fall of 1957, the range for k = 5 was extended to n <2005. One additional prime was discovered, namely 5 ■ 21947+1. Notice that there is not a single primeof the form 5-2" + l with 127<«<1947. The new prime is the largest in the table by far. It is the fourth largest prime known at present, the larger ones being the Mersenne primes 2" -1 with w = 3217, 2281, and 2203; see Riesel [9] Tables file of the journal Mathematical  Tables  and Other Aids to Computation. The smallest factor of N = k-2" + l was printed where found. Otherwise, there was printed an indication whether N is prime or composite, and the value of the smallest positive a such that (a/N) = -1, which was used in testing N for primeness. The table is too bulky for publication, but the information of most interest, aside from the factors of Fermat numbers discussed in §2, is the character of N (prime or composite), and this can be determined from Table 1 .
On the other hand, information of some interest, such as the fact that the smallest factor of 5-279 + l is 98801, is necessarily lost in the condensation.
Besides the smallest factors, another item eliminated is the smallest nonresidues. In this case, a summary appears to be of interest. The largest value of a which we encountered was a =47. For fc<100, this appeared only for two composite values of N, namely A^ = 33-2172 + l and N = 69-2m + l. It did appear also for a prime 7V=1575-2147 + 1 which we had occasion to test. If we restrict ourselves to prime values of N with fe<100, we have the following empirical result.
Theorem. If N = k-2n + l is prime, where k is odd, 0<&<100, and The numbers of the form N = n-2n + l are called Cullen numbers. They were studied by Cunningham and Woodall [2] , who stated on page 22 that for just 47 of these numbers with n ^ 1000 is the smallest factor greater than 1000. They give a factor in three of these cases.
The remaining 44 numbers were tested on the SWAC, and of these only one turned out to be prime, namely N=141-2lil + l. Assuming the correctness of the results in [2] , we can say that this is the only Cullen prime with 2^w=T000.
We now give a brief survey of earlier tables of primes of the form &-2" + l or of factors of numbers of this form. A short list of primes of the form fe-2" + l was given by Seelhoff [15] 13  23  5  3  57  32 442837  73  15  28  263  241  59  33  17  11  25  34  33461  2129  63  29  29  61  31  24  467  311  67  21  5  3  41  22  5  3  69  22  59  53   53  29  23  11  69  23  53  12227   57  21  3  5  71  25  977  13 In the eleven cases where Kraitchik's entry is too large, it turns out to be a factor also; in the other three cases, it cannot be. Finally, we mention a table of primes of the form k-2n -1 given by Riesel [8] .
2. Factors of Fermat numbers. If the number N turned out to be a prime, then it was also tested to find whether it is a factor of any Fermat number Fm = 22" + 1. This carries out a project suggested in the last sentence of [lO] . Since, for m^2, every prime factor pof Fm satisfies p = l (mod 2m+2), we needed to try the number N=k-2n + l as a factor of Fm only for m^n -2. The routine for making this test was very similar to that used for testing N for primeness.
Besides testing the primes in Table 1 and 52347, and with n<256, were also examined. These values of k were chosen because a prime factor of a Fermat number was already known in each case. One additional prime factor was found, corresponding to Jfe = 1575; in fact, 1575-2167 + 1 is a divisor of Fim-This factor, as well as thirteen with &<100, was given in the preliminary report [ll] . The testing of the primes in Table 1 A list of all known prime factors of composite Fermat numbers appears in Table 2 the table are 2 , 3, 4, 6, 7, 8. It should also be recalled that Fm is prime for m=0, 1, 2, 3, 4.
Furthermore, Morehead and Western showed some fifty years ago that F7 and F$ are composite, and their calculation was verified in [10], but no factor of either has been found. It was shown in [13] that there are no additional prime factors p of Fermat numbers with p<232, and also no additional factors £<235 such that p = l (mod 215). In particular, F7 is a product of either 2 or 3 prime factors, and Fi3 has no factor p<23i. The character of Fn is still unknown.
The condition that a prime N = k-2n + l divides some Fermat number is exactly that 2 should be a Teth power residue mod N. For 2 is a fcth power residue mod N if and only if 2(JV_1)/i: = l (mod N), that is, 22" = 1 (mod N), and this is equivalent to having 22™= -1 (mod N), or N\ Fm, for some m<n. This is not usually helpful in deciding whether A7 is a factor of any Fermat number, but there is one case in which it is, as is shown by the proof of the following theorem, which was given by Morehead [7] . Theorem. A prime of the form N = 3-2n + l, where n is even, cannot be a factor of any Fermat number.
Proof. The condition that 2 should be a cubic residue mod N, for any prime ^ = 1 (mod 6), is that in the unique representation of N in the form N=A2+3B2, the number B should be a multiple of 3.
(See, for example, Friedman and Hall [4] .) Now, in the present case, A = 1 and B = 2"12, so that 2 is not a cubic residue. Hence, as previously noted, N cannot be a factor of any Fermat number.
Actually, the residue of 22" (mod N) was computed in this case also, and, curiously enough, this was the only case noticed where the residue had an interesting form without being +1. It is, in fact, easy to verify that if N = 3-2n + l is prime, and »>2 is even, then 22"~* ■ 3(±2»-1 ± 2<»'2>-1) (mod N), with some combination of signs. It may be of interest to record the signs actually obtained. For the eleven even values of n with 2<n <1280 for which Ar = 3-2" + l is prime, the signs in the above congruence were as follows:
+ + for n = 276; -+ for n = 6, 18, 66, 438, 534; + -for n = 30; -for n = 8, 12, 36, 408.
The first sign being plus is found to correspond to 2 being a quartic residue mod N. It is not clear why this case should be unusual.
Added in proof. It follows from a recent unpublished result of Emma Lehmer that the two signs will be like if w = 0 (mod 4) and unlike if n = 2 (mod 4).
